drugs that inhibit HMG-CoA reductase, have been shown to suppress A ␤ production in cell-based and animal models of AD. Retrospective clinical studies indicate that the prevalence and incidence of AD in subjects taking statins is remarkably decreased [1] [2] [3] . The limited number of prospective studies on statin therapy for AD have produced mixed results. Cholesterol-independent, indirect anti-inflammatory and antioxidant effects as well as inhibition of the isoprenoid pathway might be important for the efficacy of statins towards AD [4] [5] [6] [7] [8] . These ambiguous actions of statins on A ␤ production and other aspects of AD in vivo may partially explain the mixed clinical results and complicate the evaluation of the efficacy of statins for AD.
ACAT as a Drug Target for Alzheimer's Disease
Neurodegenerative Dis 2008;5:212-214 213 inhibitors for treatment of hyperlipidemia and atherosclerosis that are safe for human use [15] and can be used to study the role of ACAT in AD. We have previously shown that a 2-month treatment with CP-113818 remarkably reduced amyloid pathology and correlated with improved spatial learning in transgenic mice expressing human APP 751 containing the London (V717I) and Swedish (K670M/N671L) mutations (hAPP FAD mice) [16] .
Avasimibe (CI-1011) is a widely studied ACAT inhibitor that is structurally unrelated to CP-113818. The pharmacological profile of avasimibe is somewhat different from CP-113818. For example, IC 50 values for avasimibe and CP-113818 are 391 and 6 n M for HepG2 cells, and 664 and 63 n M for THP-1 cells, respectively [17] . Although IC 50 values are lower for CP-113818, the ACAT1/ACAT2 selectivity is slightly better for avasimibe. As a proof-of-concept experiment, we have treated two age groups of female hAPP FAD and nontransgenic mice with two different doses of avasimibe. Avasimibe was administered in the form of implantable biopolymer pellets for 2 months. Although neuropathological and biochemical studies of brain amyloid plaque load are still ongoing, serum cholesterol levels suggested that avasimibe treatment was somewhat less effective in inhibiting ACAT as compared to CP-113818. This result was expected, considering the approximately 10-fold higher IC 50 value of avasimibe as compared to CP-113818.
As another proof-of-concept model for ACAT activity regulating A ␤ generation, we have used ACAT1 RNAi in human H4 neuroglioma cells. Reducing ACAT1 protein levels by approximately 50% resulted in significant decreases in APP-CTF levels in cell lysates as well as secreted A ␤ in the conditioned media [18] . Altogether, we have successfully used several independent pharmacological and genetic approaches to reduce ACAT activity in cell-based and animal models, all of which have proved to efficiently attenuate A ␤ generation and amyloid pathology.
A crucial difference between statins and ACAT inhibitors is the mechanism through which they attenuate A ␤ generation. Inhibition of HMG-CoA reductase by statins shuts down the L -mevalonate pathway affecting many cholesterol and isoprenoid-dependent processes in the cell. Cholesterol-rich membrane domains such as lipid rafts that are enriched in both ␤ -and ␥ -secretase activities are strongly affected by statin treatment. ACAT resides in the ER and its inhibition does not directly affect total cholesterol levels in the cell but regulates distribution of cholesterol between free and esterified pools. We have used 2-dimensional LC-MS to identify proteins that bind to APP differentially in ACAT inhibitor-treated cells. Several ER proteins, including chaperones of the GRP family, were identified as ACAT inhibitor-responsive APP-interacting proteins. In another line of study, we have identified HtrA2, a chaperone-protease, as an APP-interacting candidate protein that also seems to respond to ACAT inhibition. It appears that by affecting the intracellular distribution of cholesterol, ACAT inhibition indirectly modulates the fate of nascent APP molecules in the early secretory pathway.
In conclusion, several lines of evidence from cell-based and animal studies suggest that ACAT inhibition is an effective way of reducing cerebral A ␤ accumulation. The mode of action for ACAT inhibitors appears to be different from that of statins, suggesting that a combination of statins and ACAT inhibitors might offer additional therapeutic benefit. As avasimibe is an orally bioavailable ACAT inhibitor with a good safety profile and efficacy in humans, it will be essential to assess its clinical efficacy on cognitive impairment in AD.
